and Patrobus stygicus Chaudoir were examined for morphological and enzymatic characteristics. Differences in both character types were found between the species. Differences were also found among populations of P. fossifrons; a "coastal" morph and an "inland" morph are described and their biogeographical history is traced to glacial refugia. Patrobus stygicus populations were homogeneous for all characters studied. Patrobus stygicus and inland P. fossifrons co-occurred at Cypress Hills and in the Pincher Creek area in Alberta. No evidence of hybridization was found at Cypress Hills. At Pincher Creek, 2 out of 299 beetles examined were hybrids, but there was little evidence that this rate of hybridization had resulted in any gene flow between the species. Patrobus stygicus and coastal P. fossifrons co-exist and hybridize in central Washington State. Electrophoretic analysis of a mixed-stock specimen proved that at least some hybrids are fertile. However, a combination of hybrid disadvantage and low hybridization rates keeps gene-flow levels very low. It is concluded that despite a small amount of hybridization, P. stygicus and P. fossifrons remain separate species. 
Introduction
Patrobus fossifrons (Eschscholtz) and Patrobus stygicus Chaudoir are carabid beetles that live in sedge clumps and under debris at pond margins. They are structurally unspecialized predators and scavengers. These species live in northern North America and are distributed parapatrically across most of their aggregate range. West of the Rocky Mountains, P. fossifrons inhabits the Pacific Coast, whereas P. stygicus inhabits the northern boreal region. Either P. fossifrons or P. stygicus occurs at many sites in southern British Columbia, and a sympatric site has been found in central Washington State. East of the Rocky Mountains, P. fossifrons inhabits the Great Plains and P. stygicus inhabits the boreal zone. Sympatric zones have been found in the Pincher Creek area and at Cypress Hills.
The taxonomic status of P. fossifrons and P. stygicus was uncertain for some time. Darlington (1938) considered P. stygicus to be a subspecies of P. fossifrons: Patrobus fossifrons stygicus Chaudoir. Darlington also divided the present-day P. fossifrons on the basis of wing development, recognizing the brachypterous populations of the Aleutian Islands as Patrobus fossifrons fossifrons (Eschscholtz) (type locality Unalaska Island, Alaska) and the remaining wing-dimorphic populations as Patrobus fossifrons dimorphicus Darlington (type locality near Victoria, British Columbia). Darlington noted that more information might prove P. f. stygicus to be a full species. In 1961 Lindroth examined these taxa and raised P. stygicus to full species status. Currently P. fossifrons and P. stygicus remain classified as separate species, but the discovery of intergrades in southern Alberta put their status in doubt (G.E. Ball, personal communication) . The objectives of this study were to examine morphological and enzymatic variation among populations of these species and to search for evidence of hybridization at sympatric sites.
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Living specimens were collected between 1988 and 1990 and stored at -70°C prior to electrophoresis. Wings (mounted on glass slides) and other body parts not used in electrophoresis were deposited in the Strickland Museum.
Morphological examination procedures
The following morphological characters were used to compare P. fossifrons and P. stygicus:
1. Shape of the elytral microsculpture. Specimens were coded as 1 (isodiametric) through 5 (transverse), based on visual comparison with the specimens depicted in Fig. 2 .
2. Shape of the median lobe of the male genitalia. Curvature of the tip and development of the barb near the tip were positively correlated: individuals with a more curved tip tended to have a more developed barb. Specimens were coded as 1 (straight and spoonlike, with a small barb) through 5 (moderately curved with an acute barb), based on visual comparison with the specimens depicted in Fig. 3 .
3. Development of the hind wing. Wings were coded as 0 (reduced and nonfunctional) or 1 (large and functional).
4. Secondary sclerotized island on the hind wing. The distal third of the hind wing of carabids folds under the proximal part when at rest. At the folding point, several veins are interrupted and a large sclerotized area, which Ward (1979) referred to as the island (I 1 ; Fig. 4 ), is present. Adjacent and anterior to it in some specimens is a secondary island (I 2 ; Fig. 4 ). Specimens were coded as 0 (I 2 absent) or 1 (I 2 present). In some specimens the secondary island was deformed, minute, or attached to the primary island. These were considered to be intermediate between 0 and 1 when averages were calculated, and were coded as i.
5. Body size. Because total body length was difficult to measure consistently in pinned specimens, pronotal length in millimetres (PLN), measured along the midline, was selected as a more reliable size indicator.
6. Shape of the pronotum. Pronotal width minus length (PWL) was used, since it was found to be less dependent on body size than other measures were (Pohl 1992) .
7. Antenna tip length (ALN). This is the sum of the lengths of antennomeres 9, 10, and 11.
8. Antennomere squareness (ASQ). This is the greatest width of antennomere 9 divided by its length.
9. Length of the R 1 vein on the hindwing (R1). The fused costa, subcosta, and radius form an expanded sclerotized area (SA; Fig. 4 ) on the anterior margin of the hind wing, distal to the costal hinge (sensu Hammond 1979) . Apically, the sclerotized area is extended as the R 1 vein. The length of the R 1 vein was calculated as its proportion of the total length of the sclerotized area. In Fig. 4 , the measure is 1 -(a ÷ b).
10. Width of the wedge cell on the hindwing (W). The wedge cell is formed by two anal veins and a cross-vein (W; Fig. 4 ). The width was measured perpendicularly from the more basal, posterior anal vein to the center of the junction of the cross-vein and the more anterior, apical anal vein (c; Fig. 4 ). This measurement was divided by a standardizing measurement on a nearby vein (d; Fig. 4 ). Wedge cells with the apical side missing were coded as "open." Absence of the wedge cell due to fusion of the two anal veins was coded as "missing."
Morphological measurements were tested for normal distribution by examining distribution plots for a large test population (Vancouver Island P. fossifrons). Statistical comparisons of these characters were carried out on the measurements and ratios described above, without further transformations. Tests for temporal and sexual effects were done via ANOVA. All samples containing at least five beetles were tested, using a 95% confidence interval.
Enzymatic examination procedures
Electrophoresis was carried out using the apparatus described by Rolseth and Gooding (1978) . The following stock solutions, dissolved in glass-distilled water, were used to prepare the gels: A89, 24 mL 1 M HCl, 18.1 g Trizma® base, and 0.12 mL TEMED/100 mL H 2 O, adjusted to pH 8.9; A82, 60 mL 1 M HCl, 18.1 g Trizma® base, and 0.12 mL TEMED/100 mL H 2 O, adjusted to pH 8.2; B, 25.6 mL 1 M H 3 PO 4 , 5.7 g Trizma® base, and 0.46 mL TEMED/100 mL H 2 O, adjusted to pH 6.7; C7, 27.51 g acrylamide and 0.49 g N,N′-methylenebis-acrylamide/100 mL H 2 O, filtered through a vacuum funnel; C9, 35.58 g acrylamide and 0.42 g N,N′-methylene-bis-acrylamide/ 100 mL H 2 O, filtered through a vacuum funnel; D, 24 g acrylamide and 5 g N,N′-methylene-bis-acrylamide/100 mL H 2 O, filtered through a vacuum funnel; E, 4.0 mg riboflavin/100 mL H 2 O, filtered; G, 0.14 g ammonium persulfate/100 mL H 2 O.
The gel slabs consisted of a 100 mm high separating gel (25% solution A, 25% solution C, and 50% solution G) under a 40 mm high stacking gel (65.5% H 2 O, 16.5% solution D, 15% solution E, and 12.5% solution B). Twenty sample slots (0.75 × 4 × 30 mm) were formed by inserting a Teflon comb in the stacking gel before it set.
Beetle homogenates were prepared by grinding body parts in homogenizing solution (20 mg DL-dithiothreitol, 150 mg polyvinylpyrrolidone, 0.5 mL solution B, and 3.5 mL distilled H 2 O). The head and thorax of each beetle were homogenized in 70 µL of solution and the abdomen was homogenized in 140 µL of solution.
Samples were centrifuged for 6-8 min and the supernatant portion was loaded into the gel slots with a microsyringe. Tank buffer (57.6 g glycine, 12.0 g Trizma® base/4 L H 2 O) was put into the upper and lower buffer chambers and two drops of bromophenol blue marker dye was added to the upper chamber. An electric current of 25 mA per gel was applied for approximately 3 h, during which time the samples and gels were kept cool by circulating 4°C water through the cooling chamber.
After electrophoresis the gels were removed from the apparatus and stained to reveal the positions of eight enzymes: AO, APK, EST-1, EST-3, HK, ODH, PGI, and PGM (see Table 2 for full names and references to staining recipes). Following the convention of Gooding and Rolseth (1979) , a capitalized abbreviation is used for enzymes and an italicized abbreviation for the enzyme locus.
After bands appeared, enzymes were denatured by placing gels and overlays in 7% acetic acid. R f values were calculated as the distance moved by the bands during electrophoresis divided by the distance moved by the buffer front (as indicated by the bromophenol blue dye) towards the anode. Electromorphs with R f values within 0.005 of each other were combined. Each electromorph was assumed to represent a distinct allele; these have been assigned letters in order of increasing R f value for each locus.
All population samples consisting of at least five individuals were tested for deviation from Hardy-Weinberg equilibrium. Samples with at least 20 individuals were checked via a χ 2 test; those with fewer than 20 individuals were checked via a Fisher's exact probabilities test. In all cases, a 95% confidence interval was used.
For sites sampled more than once over the 3-year collection period, χ 2 tests for homogeneity among samples were carried out at each locus for all populations having at least five individuals scored for that locus. Chi-squared values and degrees of freedom were summed across all variable loci to determine the probability of samples being homogeneous. After the samples were pooled, Hardy-Weinberg tests were carried out, similar to the tests of unpooled groups described above.
Comparison of populations and species
The characteristics of allopatric populations of P. fossifrons and P. stygicus (collected at least 25 km from any known record of the other species) were compared with those of sympatric populations using qualitative and quantitative morphological characters and electrophoretic data. Significance of morphological differences is based on a comparison of means and standard errors. Populations for which characters are separated by at least 2 standard deviations are deemed to be distinct. Plots of the data, using the procedure of Hubbs and Hubbs (1953) , were presented in Pohl (1992) .
Discriminant function analyses were carried out using PLN, PWL, ALN, and ninth antennal segment width. The latter was used in place of ASQ after a t test showed that the standard error for ASQ was too dissimilar from those of the other measures (standard errors of the measurements must be similar for a discriminant function analysis to be valid). A discriminant function was calculated between allopatric P. fossifrons and P. stygicus populations. Coordinates were then calculated for sympatric specimens of these taxa, using the same function. Nei's (1978) unbiased genetic identity measures were calculated from enzymatic data for all samples with at least five individuals. Nei's formula is The comparison of sympatric and allopatric populations was augmented by estimates of gene flow, N m . In these estimates, N represents the population size and m the proportion of the population that consists of migrants. Thus, N m is an estimate of how many individuals in the population are migrants. According to Wright (1931) , 
−0.505    Slatkin's estimates were corrected to the actual sample sizes from the assumed sample size of 25. N m values were estimated within and between P. fossifrons and P. stygicus in allopatry and in sympatry. At Wauconda, estimates were calculated both without and with an apparent hybrid specimen (the latter was done by averaging estimates for P. fossifrons with the hybrid included and for P. stygicus with the hybrid included).
Wright's F ST is a fixation index of subpopulations within a population, based on differences in the levels of homozygosity within and between subpopulations. Slatkin's estimation is based on the principle that the greater the gene flow between subpopulations, the lower the average frequency of private alleles, p − (1). Resulting N m values are estimates of how many organisms in the sample are migrants. Wright's N m value, on the other hand, is an estimate of gene flow in the population from which the sample came. Thus, Wright's and Slatkin's N m estimates cannot be directly compared; only the trends they exhibit can be compared.
Results

Morphological comparisons
The six quantitative measurements approximated normal distributions for both males and females. The only significant temporal effect was at Chain Ponds, where female P. stygicus tended to become larger over the course of the summer, based on PLN (F = 4.734, p = 0.016). This trend was not seen in males there, nor was it seen at any other site. Significant sexual differences were found in the characters PWL, ALN, PLN, and ASQ, so the sexes were kept separate for these measurements. No sexual differences were found in characters R1 or W, so the sexes were pooled for these.
Averages of qualitative and quantitative morphological characters, for population samples pooled as described above, appear in Tables 3 and 4 , respectively.
Electrophoresis gel interpretation and statistical
comparisons Of the eight enzymes examined, AO, APK, EST-1, EST-3, HK, and PGM were monomers and ODH and PGI were dimers. Since heterozygous males were found, all eight enzymes are products of autosomal loci in these species.
Two AO "electromorphs" in this study actually represent groups of electromorphs that could not be separated, owing to complex pairing of stained bands. These electromorphs were given R f ranges rather than specific values.
Six population samples (out of 90 tested) did not conform to Hardy-Weinberg equilibrium.
In the tests for homogeneity among samples, the only significant difference between samples collected on different days was between the two P. stygicus samples collected at Hinton (χ 2 = 19.542, df = 10, p = 0.0339). Samples were pooled within each of these repeatedly sampled sites. Five of these pooled samples (out of 38 tested) deviated from Hardy-Weinberg equilibrium. A summary of allele frequencies, with samples pooled as described above, appears in Table 5. Details of individual genotypes and allele frequencies of unpooled populations appear in Pohl (1992) .
Comparisons of populations and species
Plots of eigenvalues resulting from the discriminant function analyses appear in Figs. 5 and 6. These figures are based on the technique of Hubbs and Hubbs (1953) , where the horizontal line indicates the range and the vertical line the mean. For samples of 10 or more specimens, the shaded box represents 2 standard errors to either side of the mean and the outlined box represents 1.5 standard deviations to either side of the mean. According to Hubbs and Hubbs (1953) , a biologically significant difference exists if the shaded boxes do not overlap. Nei's (1978) unbiased genetic identity measures appear in Table 6 . A summary of gene-flow estimates appears in Table 7 . 
Note: Elytral microsculpture and shape of the male median lobe is coded from 1 through 5, wing development as 0 (brachypterous) or 1 (macropterous), and the secondary sclerotized island as 0 (absent), i (intermediate), or 1 (present); "na" indicates that measurements were unavailable. Values in parentheses are ranges.
*Based on Lindroth's (1961) observations of the same specimens. Can. J. Zool. Vol. 76, 1998 Est-3 (where K and M are prevalent rather than I, K, and L) and Pgm (where D is prevalent rather than I) ( Table 5 ). The Beaver and Arco populations, though similar to inland P. fossifrons for pronotal characters (Table 4) , exhibited some coastal P. fossifrons characteristics: a lower incidence of macroptery, a lower frequency of occurrence of the secondary sclerotized island (Table 3) , and intermediate measurements for ALN and ASQ (Table 4) .
The Train specimen, though more similar to coastal than to inland P. fossifrons, also exhibited some characteristics of both morphs. Its PLN and ALN measurements were closer to the states of inland than coastal P. fossifrons ( Pohlwas homozygous for Est-1 allele C, which was not seen in the other two electrophoresed specimens of coastal P. fossifrons but was seen in inland P. fossifrons specimens (Table 5 ). The nature of the division between the two morphs of P. fossifrons is not fully known; introgression may occur in southeastern British Columbia. No large allopatric population of coastal P. fossifrons was sampled to obtain enzymatic data, so gene flow between these morphs could not be calculated.
The P. fossifrons morphs described here do not correspond exactly to Darlington's (1938) P. f. dimorphicus and P. f. fossifrons. His P. f. fossifrons referred only to specimens from the Bering Sea islands and Kodiak Island, whereas P. f. dimorphicus referred to all other P. fossifrons. However, the Vancouver Island population and mainland populations as far east as the Crowsnest Pass are similar to the Kodiak Island population. Based on the current study, the division within P. fossifrons occurs at or near the continental divide, not on the Pacific coast.
Origin of P. fossifrons morphs
Based on the age of other carabid taxa (Kavanaugh 1988 Can. J. Zool. Vol. 76, 1998 glacial refugia of inland and coastal P. fossifrons were located, but locations of refugia during the most recent glaciation, the Wisconsinian, can be inferred from wing-length information. Lindroth (1979) proposed that in wing-dimorphic species, brachypterous populations represent old centers of distribution. Since macropterous individuals would do most of the colonizing from these old sites, populations at newer sites would have higher levels of macroptery. Therefore, probable routes of dispersal from refugia can be traced in the direction of increasing macroptery.
Specimens of inland P. fossifrons show a trend towards increasing macroptery in more northerly populations: the Beaver and Arco populations are partly brachypterous, whereas the Cypress Hills specimens are completely macropterous (Table 3) . Thus, present-day inland P. fossifrons may have descended from a population south of the ice sheets.
Kodiak Island has also been explored as a likely ice-free refugium during the last glaciation (Karlstrom and Ball 1969) . Possibly, the ancestors of present-day coastal P. fossifrons migrated south along the coastal islands to Vancouver Island. This hypothesis is supported by the levels of brachyptery: Kodiak Island specimens were all brachypterous, while the Vancouver Island sample contained 4.9% macropterous beetles.
Specimens of coastal P. fossifrons in interior British 
Pohl
Columbia are primarily brachypterous, suggesting that the glacial refugium was nearby, south of the ice sheets. This is supported by Kavanaugh's (1988) study of the carabid genus Nebria. He found that present-day continental populations are descended primarily from populations in southern rather than coastal refugia, probably because coast-adapted populations were outcompeted in continental environments.
Allopatric stocks of P. stygicus
Specimens of all allopatric P. stygicus populations had transverse microsculpture and males had markedly fishhook-shaped median lobes (Table 3) . Samples examined for wing characters were entirely macropterous and had a very low frequency of occurrence of the secondary sclerotized island (Table 3 ). All P. stygicus populations had low variance of the quantitative characters PLN, PWL, ALN, and ASQ (Table 4) . Characters R1 and W both tended to decrease with latitude but showed little variance at individual sites (Table 4) . Enzymatic data also showed that allopatric P. stygicus are very closely related: Nei's unbiased genetic identities for the four electrophoresed samples ranged from 0.997 to 1.0 (Table 6) . Gene-flow estimates within P. stygicus (Table 7) indicated that allopatric P. stygicus populations are not differentiated. Hubbs and Hubbs (1953) .
Comparison of P. fossifrons with P. stygicus in allopatry
Patrobus fossifrons and P. stygicus specimens differ in the shape of their elytral microsculpture and the median lobe of males (Table 3) . Patrobus fossifrons individuals usually have a secondary sclerotized island on the wing, while P. stygicus individuals usually do not (Table 3) . Patrobus fossifrons individuals are somewhat larger, based on PLN, and have relatively wider pronota, based on PWL, than P. stygicus individuals (Table 4) . Patrobus fossifrons individuals have relatively shorter R 1 wing veins and relatively wider wing wedge cells (Table 4 ). In the discriminant function analysis of inland P. fossifrons and P. stygicus (Fig. 5) , females are widely separated and males overlap only slightly. Coastal P. fossifrons and P. stygicus overlap more (Fig. 6) but are still significantly different, based on separation by at least 2 standard errors.
Fixed enzymatic differences exist between P. fossifrons and P. stygicus populations at Ao, Est-1, and Odh, and proportional differences exist in Est-3 and Pgi (Table 5) . Thorpe (1979 Thorpe ( , 1983 reported that insect species in the same genus typically have Nei's genetic identities of 0.25-0.85. The values for P. fossifrons from Curlew, when compared with the allopatric P. stygicus populations Chain Ponds, George, Long, and Hinton, were all within this range (Table 6 ). Thorpe also reported that populations within the same species tended to have genetic identities of 0.9 or greater. The P. fossifrons -P. stygicus values are well below that ( Table 6 ), indicating that these species are quite distinct. Both Wright's and Slatkin's N m estimates show that gene flow between allopatric inland P. fossifrons and P. stygicus populations is very low (Table 7) . Gene flow between coastal P. fossifrons and P. stygicus populations could not be calculated, owing to the small samples of the former.
The Pincher Creek sympatric area
In the foothills between Pincher Creek and the Waterton River, Patrobus species were found at several sites.
According to enzymatic data, Tern Pond specimens were purebred inland P. fossifrons, and Pecten and Lost Road specimens were purebred P. stygicus (Table 5 ). Based on microsculpture and median-lobe characteristics (Table 3) , the Kavanaugh Pond specimens were purebred P. fossifrons or P. stygicus, with no intermediates present. In Lynch Lakes specimens, various fixed alleles (Table 5 ) and microsculpture and median-lobe characteristics (Table 3) indicate that both inland P. fossifrons and P. stygicus were present and that they are pure stocks of their respective species.
At Rock Pond, all the specimens but one were inland P. fossifrons, according to morphological and enzymatic characters (Tables 3-5) . The exceptional specimen, a putative hybrid, had P. stygicus microsculpture (Table 3) , inland P. fossifrons character states for PWL and ALN (Table 4) , and intermediate states for the male median lobe (Table 3) and PLN (Table 4) . It was brachypterous, unlike any purebred stocks of either species in this area. Unfortunately, this specimen died in transport and could not be electrophoresed.
All but one of the Ball specimens were inland P. fossifrons, based on microsculpture and male median lobe shape (Table 3) . That specimen, also a putative hybrid, was similar to P. stygicus in microsculpture and male median lobe shape (Table 3) and similar to inland P. fossifrons for PWL and ALN (Table 4) . Its character state for PLN is within the range for both species (Table 4) . Like the unusual Rock Pond specimen, it is brachypterous. Together, the hybrid specimens make up 0.67% of the entire Pincher Creek sample.
In the discriminant function plot (Fig. 5) , sympatric populations of both inland P. fossifrons and P. stygicus were very similar to their respective species in allopatry. The two putative hybrids at Pincher Creek had eigenvalues very similar to those for inland P. fossifrons, with no trend towards P. stygicus character states.
Gene flow was estimated between pooled P. fossifrons and pooled P. stygicus populations in the Pincher Creek area, as Wright's (1951) correlation coefficient, N m is the number of immigrants per generation, and p − (1) is the average frequency of private alleles (Slatkin 1985) . Table 6 . Nei's (1978) unbiased genetic identities between allopatric populations. well as at the Lynch Lakes site alone. Both Wright's and Slatkin's estimates show that gene-flow levels between P. fossifrons and P. stygicus in the sympatric area were similar to levels between allopatric populations of inland P. fossifrons and P. stygicus (Table 7) . Although Slatkin's estimate of gene flow did appear to be slightly higher at Lynch Lakes, this was due to the absence of alleles that were private in allopatry, not to gene flow, which would have resulted in those alleles being present and shared there.
The Cypress Hills sympatric area
Qualitative morphological characters indicate that all Cypress Hills specimens were P. stygicus, except for two inland P. fossifrons collected from the eastern end of Elkwater Lake (Table 3 ). These inland P. fossifrons specimens were collected together with four P. stygicus specimens, indicating that the two species co-occurred, both spatially and temporally, in the Cypress Hills. Plots of eigenvalues resulting from the discriminant function analysis (Fig. 5) indicate that sympatric specimens are very similar to allopatric populations of their respective species. There was no evidence of any hybridization in this area.
The Wauconda sympatric area
According to enzymatic data, the Wauconda sample contained both P. fossifrons and P. stygicus, as well as a single specimen of mixed stock (Table 5 ). The P. fossifrons are of the coastal morph, based on the fixation of allele G in the Ao locus and frequency patterns at Odh, Pgi, and Pgm (Table 5) . Structurally, the hybrid specimen appears to be a coastal P. fossifrons. Its microsculpture (Table 3 ) and pronotal characters (Table 4) are exclusively those of coastal P. fossifrons. Its antennal characters (Table 4 ) are in the range of both coastal P. fossifrons and P. stygicus. It is brachypterous, like other hybrids and all Wauconda coastal P. fossifrons.
The putative hybrid specimen had one locus (Est-1) fixed for P. stygicus alleles, one locus (Odh) fixed for coastal P. fossifrons alleles, and two loci (Ao and Est-3) that were heterozygous for P. stygicus and coastal P. fossifrons alleles (Table 5) . Alleles at the other four loci were of indeterminate origin. This beetle is clearly a hybrid, but not an F 1 hybrid. The loci for which it is heterozygous for coastal P. fossifrons and P. stygicus alleles (Ao and Est-3) can be explained by a simple cross of a coastal P. fossifrons individual and a P. stygicus individual. However, the fact that it is homozygous for a coastal P. fossifrons allele at Odh and for a P. stygicus allele at Est-1 cannot be explained by a simple coastal P. fossifrons × P. stygicus cross. Those loci indicate that both parents had a coastal P. fossifrons allele at Odh and a P. stygicus allele at Est-1, therefore both parents of this beetle had to have been of mixed stock. Taking this into consideration, the simplest way for this beetle to have been produced is via a mating of two F 1 hybrid individuals. If this is correct, then at least some F 1 females and F 1 males are fertile. However, male F 1 hybrids are often sterile (Haldane 1922) . If this is the case in Patrobus species, then the ancestry of the Wauconda hybrid becomes somewhat more complex. Again assuming that it is the product of a single hybridization event, the only way to produce the necessary mixed-stock fertile male would be a backcross of a coastal P. fossifrons × P. stygicus hybrid female with a male of either species. A male from the resulting backcross generation then could have sired the hybrid beetle by mating with an F 1 or backcross female. Therefore, if F 1 males are sterile, the hybrid would have to be at least three generations removed from the hybridization event.
The discriminant function analysis (Fig. 6) shows that at Wauconda, eigenvalues for both coastal P. fossifrons and P. stygicus are within the range for allopatric specimens, but they were skewed slightly towards those of the other species. This skewing was significant in female coastal P. fossifrons (based on separation by 2 standard errors), but samples were too small to test the significance of others. The eigenvalue for the hybrid specimen fell within the range for coastal P. fossifrons at Wauconda.
Estimates of gene flow between coastal P. fossifrons and P. stygicus at Wauconda are low enough that the species are able to retain their identities (Table 7 ). In his discussion of the characteristics of hybrid zones, Hewitt (1989) noted that different suites of characters often exhibit different clines across the hybrid zone. This appears to be the case in Patrobus species at Wauconda, where enzymatic characters are not introgressing significantly, but morphological characters appear to introgress somewhat.
It is interesting that no F 1 hybrids were found. In his study of Carabus hybridization, Mossakowski et al. (1990) also did not find any F 1 hybrids, even though they found that individuals of hybrid stock composed as much as 16% of the populations studied. This suggests that in carabids, F 1 hybrids do not live as long as their offspring or their parents, but that they often reproduce.
Brachyptery of hybrid specimens
Both hybrids from the Pincher Creek area were brachypterous, in an area where both parental stocks were macropterous. Since brachyptery is phenotypically dominant in carabids (Lindroth 1946; Den Boer et al. 1980) , the brachypterous allele does not appear to be present in this area. Therefore, the brachyptery of hybrids is likely due to a developmental error caused by incompatible DNA. The hybrid specimen from Wauconda is also brachypterous. This may be due to a dominant allele from the brachypterous coastal P. fossifrons parental stock, or to a developmental error resulting from hybridization. Mossakowski et al. (1986 Mossakowski et al. ( , 1990 found wing abnormalities in Carabus lineatus × C. splendens hybrids in Spain. In those studies, hybrids usually had a wing form intermediate between the forms of the parental species, but some hybrids (proportions not specified) had aberrant wings or strong differences between the left and right wings.
Habitat preferences of P. fossifrons and P. stygicus The ecological aspects of the collection sites indicate that P. fossifrons and P. stygicus prefer different habitats. East of the Rocky Mountains, inland P. fossifrons sites are on the prairie, while P. stygicus sites are in forested areas. In the Pincher Creek area, the boundary between these taxa corresponds closely to the treeline separating the prairies from the foothills, at approximately 1360 m (Fig. 8) .
The Cypress Hills area of sympatry is very similar ecologically to the Pincher Creek area. The Cypress Hills are at a similar latitude and reach an altitude of 1392 m. Containing a small patch of lodgepole pine (Pinus contorta Dougl. ex Loud.) forest in the great plains, they form an island of P. stygicus habitat in a large area of inland P. fossifrons habitat. Elkwater Lake, the site where the two species were collected together, is at an elevation of 1209 m and, as in the Pincher Creek area, is on the margin between forest and prairie.
The difference in habitats of inland P. fossifrons and P. stygicus is likely the result of differing ecological requirements. One possible factor is climate. The frost-free period in the Pincher Creek area varies widely, from 60 to 120 days, depending on elevation.
Another possible factor is the type of ground cover available for concealment and overwintering. Lindroth (1961) reports that P. fossifrons prefers sterile soil, whereas P. stygicus is usually found at ponds with abundant vegetation. In the Pincher Creek area, inland P. fossifrons were collected around the margin of prairie ponds, where there was little cover other than clumps of Carex spp. Patrobus stygicus was found at forested ponds there, where the Carex spp. clumps were interspersed with willow (Salix spp.) as well as old logs and debris. Further evidence of ground-cover preference was found at Lynch Lakes. This site consists of two ponds about 50 m apart, one of which has patches of Salix spp. around a portion of it. Patrobus stygicus were found alone in the treed area of that pond, both P. stygicus and inland P. fossifrons were found at the open end of the treed pond, and only inland P. fossifrons were found at the open pond.
Salix spp. roots appear to be important components of P. stygicus habitat. In his study of the ecological aspects of P. stygicus and other Patrobus species, Carter (1971) found that Salix spp. and Carex spp. dominated P. stygicus habitat at George Lake, Alberta.
West of the Rocky Mountains, coastal P. fossifrons and P. stygicus do not show the habitat differences evident elsewhere. In allopatry, both species were collected at ponds in forested areas, with no obvious differences between sites. The Wauconda sympatric site in central Washington State is in an area of dry pine forest and rolling hills. The pond itself is surrounded by Salix spp. and has extensive Carex spp. patches. All specimens of both species were collected within a 10 × 10 m area, and no subdivision of the pond into microhabitats was evident. The Wauconda site is the farthest south that P. stygicus has been found west of the Rocky Mountains, so the area is probably marginal for its survival.
Status of P. fossifrons and P. stygicus as distinct species N m estimates indicate that gene flow between inland P. fossifrons and P. stygicus populations is occurring at such a low level that these taxa remain separate. Estimates are higher between coastal P. fossifrons and P. stygicus populations, but according to Wright's (1931) criterion, gene flow is not high enough to keep these taxa from diverging as a result of genetic drift.
As well as the results presented here, a search for indirect evidence of gene flow between P. fossifrons and P. stygicus has been carried out on this data set (Pohl 1992 ). This included comparisons of heterozygosity levels and interactions between heterozygosity and symmetry. None of these analyses yielded Does all this mean that P. fossifrons and P. stygicus are separate species? That depends which concept of species is accepted. According to the classical biological species concept (Mayr 1940 ) and Paterson's (1978 Paterson's ( , 1985 recognition species concept, P. fossifrons and P. stygicus form one species. If Nelson and Platnick's (1981, p. 10 ) phylogenetic concept of species or Templeton's (1989) cohesion concept was applied, they would be separate species.
As Templeton points out, the biological and recognition species concepts do not work with organisms that are distinct in allopatry yet occasionally hybridize. The phylogenetic and cohesion concepts allow for such gene flow between species. However, they are more difficult to apply because they require knowledge of processes affecting species, in addition to their physical attributes. Some notion of species is required in order to delimit groups of organisms for study. However, it must be kept in mind that these groups are artificial constructs which do not always apply to complex living organisms.
In light of their different habitats in allopatry and low interspecific gene flow, P. fossifrons and P. stygicus are considered here to be separate species. Individual specimens can usually be assigned to one or the other taxon when several characters are examined. Hybrids are rare, suggesting that interspecific matings are rare, or that hybrids are strongly selected against; either phenomenon preserves the separate gene pools.
The situation in Patrobus species is similar to some of the scenarios described by Hewitt (1990) , where species come into postglacial contact and hybridize, but hybrid unfitness inhibits the transfer of genes out of a narrow hybrid zone. The eastern slopes of the Rocky Mountains are a well-known site for such hybrid zones. Spanton (1988) describes the hybridization of three subspecies of the tiger beetle Cicindela longilabris Say. In a situation very similar to that described in Patrobus species, a northern boreal subspecies meets a Pacific coast subspecies and an interior subspecies, forming hybrid populations across southwestern Alberta, southeastern British Columbia, eastern Washington and Oregon, northern Idaho, and western Montana. Spanton specifically mentions a Pincher Creek population as a good example of a hybrid population, two purebred subspecies as well as intergrades having been collected together. Freitag (1965) described hybridization between other tiger beetles in the genus Cicindela. Along the Rocky Mountains, the western Cicindela oregona guttifera LeConte encounters and hybridizes with the eastern C. duodecimguttata Dejean. The hybrid zone varies from 80 to 1600 km in width. Population samples within the hybrid zone contained both parental stocks, as well as hybrids exhibiting varying degrees of introgression of morphological characters. Freitag concluded that these species had evolved in the Pleistocene but had not become completely reproductively isolated. The hybrid zone resulted from contact subsequent to the Wisconsinian glaciation. Freitag also describes hybrids of the subspecies C. o. guttifera and Cicindela oregona oregona LeConte along the foothills of the Rocky Mountains, including the Pincher Creek area. Sperling (1987) describes gene flow between the swallowtail butterflies Papilio machaon L. and Papilio zelicaon Lucas in western Alberta. In that situation, various characters were introgressed to different degrees across a wide hybrid zone.
Sperling also mentions the Cypress Hills as a site of hybridization. He attributed the presence of stable hybrid populations of Papilio species to their considerable powers of dispersal, and to hybrid fitness. As has been hypothesized here for Patrobus spp., Sperling estimated that the Papilio species diverged in the Pleistocene and that the hybrid zones came about during recolonization after the last glaciation.
Conclusion
Patrobus stygicus and P. fossifrons are distinct in allopatry. A combination of morphological characters, or any one of three fixed enzymatic loci, can be used to distinguish them.
In allopatry, P. stygicus was homogeneous across all study sites but P. fossifrons was divided into two morphs, here termed coastal and inland. These do not correspond to Darlington's (1938) P. f. fossifrons and P. f. dimorphicus. Coastal P. fossifrons lives along the Pacific coast from Alaska to Washington and east as far as the Crowsnest Pass. Inland P. fossifrons lives from the foothills of southwestern Alberta to the Cypress Hills and south into Montana and Idaho. These morphs can usually be distinguished by slight morphological differences and by a fixed difference at the Ao locus. They are quite distant enzymatically, and gene flow between them is low enough that they are capable of diverging via genetic drift. However, they are not formally recognized taxonomically because the nature of the geographical division between them is not known.
Patrobus stygicus generally lives in the boreal zone at higher elevations, and inland P. fossifrons lives on the prairie at lower elevations. However, the two zones overlap at Pincher Creek as well as in the Cypress Hills. At these sites, individuals of inland P. fossifrons and P. stygicus encounter one another and occasionally interbreed. Two putative hybrids (out of 299 specimens examined) were found at Pincher Creek. However, gene-flow estimates were no higher in sympatry than in allopatry, despite the occasional hybridization event.
Although P. stygicus generally lives farther north than coastal P. fossifrons, they occurred in sympatry at Wauconda with no evidence of habitat partitioning. One hybrid was found there (out of 30 examined specimens). It was at least two generations removed from the hybridization event, proving that some hybrids are fertile. There was no other evidence of mixed stock there, so hybrids must be very rare and (or) strongly selected against. Gene flow was slightly higher in this sympatric population than in allopatry, but still low enough that coastal P. fossifrons and P. stygicus remain distinct.
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